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Abstract of J P2001 278692 

PROBLEM TO BE SOLVED: To provide a 
manufacturing method of silicon wafer and single 
crystal silicon, which lowers density and size of 
such defects as COP, improves productivity of 
silicon wafer with superior device performance 
and high quality, and reduces cost. 
SOLUTION: The mirror surface silicon wafer is 
obtained by cutting a rod of single crystal silicon 
being grown in a condition where V-rich zone is 
superior in CZ method. Its particle size is 
controlled in a way that number of particles with 
0.1 &mu m or more becomes 1 particle/cm2 or 
less on counting particles with a particle counter. 
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0. 1 /imt^ai©*'^ ll/cm j «T 

[W#*2] MEO. 1 umV'{7;VL±<D*0>h$k 
ffiO. Hi/cm 2 HTr*4ci*1$»iTS3»«« 
1 CclBtSL/cV;3>^x-^ 0 10 

a*WfiRf SBKfC* ^> »; n >©BA> 6 1 4 0 0 -com 
©?l±tftt^rfi|©JBa^©iaK«Jie*G (K/ram) 
,115 0 "CjSa 6 1 0 8 0 - C©iBK««<Dfi3 * L 
(mm) . teafiKSiSS^ F (mm/mi n) iU/c 

-en6^6tt»sns i i 5 o # c*>e> i o 8 o°ccd 

IKWKDiHWIL/F (min>*0. 2 8/ (F 
/G-0. 2 2 5) 2 mi nOTiU, *oF/Gt 
0. 2 2mm 2 /K • m i naiiltf^Ci^ 

«*tt5^j3 >#isa©«jfi#ffi. 20 

[»#3f 4 ] IB21 150 °C^6 1 0 8 0 ( C(Dffi[S 
t*DMMB#PBlL/F£r4 0m i nHTiltf^t^C 

[«5jc315] SufBF/G£0. 27mm 2 /K-mi 
n 61T i ITMt a C <h «4$« i f £f »3<3S 3 £ fctt 

«*K-^SCi*1M4r*l/y3>*»B©RJB 30 

[«*B7 ] WEF-^«WaWIC* 1 x 1 0 15 ffl 
/cm 3 «Ti«Ci*W«4-r*lll3WI6«:B«Lr 

[ If 3}DI 9 ] falBli^ 8 (C IBtSO is »; 3 >#*Sft* 
6X ^ -f x it SHI 5 titc C t t -jr £ is V a > 0 

X — 40 
[0 0 0 1] 

fed: Of C ti*fWr & feAOWtt Att 6 
[0 0 0 2 ] 

*a (CZS) KJ:*5/ 

i;n>*isftgi±w§e»i. -> i ;3>«KR4^»sti so 
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;l/^^5, 6£IX0HfrJ;5CCieig£ft/ct~£7<b8JT 

tt^8tf^>?+>'UrtccES£ftrfe9. msj 

3£/&g£tf£ 0 JU?#5. 6 »»ai3£NC&I°l 

-Y > ? + >/< 1 ortSBCCtt, 5 l±tf * + 2 <D±Sittt 
6ftfc*/*«AP 1 0 36>6TiU^>#^»©^RStt 
#X#z»A3ft. 3l±tf*©*Ba3i//^K«l»l 1 

<fcoH*ii«u iBi»smi 2©T»<t»ffiffii©ra* 

ilitU #*»UP9*6#ffiS*iTl>4. 
[0 00 3] ±ECZffi«:J:->riefi3tiSW3>* 

feati^tt^-fxiur^Kccffli^tiri**. - 

0. 13-0. 1 8 /zmt^X»^tltC^. CCD 
Jr^fclWWbWIttd:, ^U3>#|gacc3*Tin a n SlS 

tab, m^ftmiimmictttiz* s^st^Btt. 

^V#^«C^. iSCOP (Crystal Oris 
inated Particle: i|*aiSB<ZtfCffi-C* 

urmsn&isa^Kcctec^rnni&tts^^XB 

0. 1 2 MmtLh<t$ftTl>& 0 fi£^T, 0. 1 umfij 

-r x<o^B*«*(s«'r &ct ifimm t a o r # 

[0 004] cneo^Pfi^riftBJT^CC^/c^T, 5fc 
T\ ->U3>^jftace:iRt)iiSti4^-r^>^-r (Va 
cancy, «TV iBgfHT^ C ) tm*tlZ> 

(Interstitial-Si, «T1 iBglBT^ 

[0005] ^yn>#eacc4at^T, V-««i«i, 
OS F<Dffe£TS««J:9 *>F/G^#l^««-Cft 
0, Vacancy, 0 ^> U ^ >J®^<D^J£^6^ 



# 
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(iJ>ftl>> h^SH^ (Ne u t r 

uto£c£0c&£ o fir, ^o->-f>M6(FP 

D. LSTD, COPf) <fcl>5©«. £><£T'4>V^ 

[0006] con^deoHifleut. cza^t^js 

«««EG<!:<3!)H«*6»**C4*J»I6*i"C^*. £ 10 
fc. V-««<t I -««i©n©N-««{C». OSF 

(MibReSH^PB. Oxidation Indus 
ed Stacking Fault) <fcnf f#h£ y > 
^tCB£T£^0^OTB3tlT<r>S. 

[0 0 0 7 ] Cti6ttSflEfifiH©^K*»ar*t. 
«it «SSfiitS* s 0 . 6 m m/m i n Uf£«±<t tttSW 

gBi^tltl^FPD, LSTD. COPfO^P- 

»tt*^bs-tts. cti6^cB^fl«E"ri««»v-y 20 

^{ISiTOtl^o Sfc, fltSiSES^O. 6mm 
/m i n«T<Z)»£tt, SEfiaffOXSTCCffl^ I n t 
e r s t i t i a 1 ifiVmttz ±ISLfcO S F y>y 

7'g@i#i6nn^L/D (Large D i s 1 

0 c a t i o n : Wf-WitiLfr- 7<Dm^. L S E P 

d, LFPDf) <Dxm*mmmmi±L. v-&wd 

0. 4mm/m i ngu^TtcffijltcT^i. OSFV 30 

[0 0 0 8 ] S»tt^BS»tt**»6ti&*BM8JB*ffi 
3 0 3 1 6^«CCH^S4a/c^JB^AS. ffiSfctV - 

©wsygawrtt^ft 6©js^Bfc«»rttftt^nB« 

r**N-BtgtriSJijaui*tforc>s. c ©Office «t 
h«COPW??^Lati|Si*l!IJS-r*C<!:3&s?Ittr 

&£<t£tl6 0 40 

[0 00 9 ] *SgJ5KfiiIK# 0 . 5 mm/mi 

nfelT<biiS;<D<SScD 1 mm/m i ngKCdtKl/TS 
KKftO, £Btt*HBTU 3^h#Wl/tU* 
5 0 3 6«:n-«««, IBIWflHO^ift— *«c oat* 

[ooio] — Koa*nfcffi?La^fi*** < 

1 1 63 9 i^&$Rtc^n3ftTt>& 0 c©SfBr»* 
£cB*s£«U COP^fi-TSiStiS 1 1 5 o- 1 

o 8 ov<DUtKi$*m&'?z>nmzm<Tz>ztT\ c 50 
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8S"C«0. 1 0 /imt(±©^f-^ ^#1 Ofi/cm 
[0 0 1 1 ] 

[Jffl*«W*UJ:9fc-r*BB] ±iE«£*<7> 
^X<D<fc«5— B<0fi«*ffC\ itt^©0. 13-0. 1 

>rx^ccgn/c^ D a pH^y 3>^x-^cD^tt©^i 

[0012] 

fc2^ y n >*BS»^ 6«J 0 HI S ti/cBB-> y 3 > -Jr x 
w^ot, ^ — y~ a 9)lljV>£—~C'*—f m a 
£*7^> b Utcm&ttC. 0. Umt^XHl^^V 

FPli/cm J HT^SCcb^$iitrc^ 

(If ^ 1 ) . 

[0013] C(DJ: 9 5C % #jSg§(DV - y ^ 
» <k tt * ^fr r W^K 5 ttfc V y 3 >4U6S#*> 6 w 0 tu 

Pll/cm J KTFOlSffi^y =i>^x-^tt % ^XRS 

y 3 >^x-^t?*£ V-y**«WCB»a 

[0 0 1 4 ] fit CCDt§£\ 0. 1 /umtf >fX«JhCD 
#?>h$fca*0. li/cm 2 HT©WJ:0»il 
(,> (fS^3B2) o C<D«fc5CC* * 
)V<D0. 1 umVJX&Lk<D*V>b$k&0. lffl/c 
m 2 JMTiC^iB^I««ttO*>CD*««-r4C<fc*«'r 

[0015] #«gnc«4^y 3>#«aowi«tt 

£P£Ht > ^ y n ><DHli> 6 1 4 0 0 o C(DPb1C0^ l±Cf (* 
^COte^^Q^S^^IE^rG (K/mm) ,115 0 
°C^6 1 0 8 0TOggMiOI5l:L (mm) , *£j| 
j£fii»K*F (mm/mi n) t Ltd®* *tl*>iPh%t 
»StiS 1 150W6 1 08 0 - C©fig««©iliftl« 
fIL/F (min)^O. 28/(F/G-0. 22 
5) 2 m i ntTF^L *»oF/G*0. 2 2 mm 1 / 
K • mi n«±iLtSSt^Ci^Mi LTC^ 
(»*3S3) . 

[0016] C<DJ:^CCF/Gfii<!: 1 1 5 0°C^6 1 0 

8 o xoias««©a««FHi *«e LTWidtrftfcC. 

COPJ^B*0JSS"r&Va can c y©«AI8«*4>tt 
<f4ci*r» 1 ^oiiaB$PacDS«ccj:^rcop 



5 

9fB&mms.v&&is y 3>*M6«ftcf ^x-^sae 

[0017] C<Dm-£. 1150 °C^e> 1 0 80 "CCDS 
eM«C0ffljgB$^L/F*4 0 m i n«Ti 0 <i»*5i 
4) . F/G£0. 2 7mm' /K • m i nttTilt 

cooi8] £tc, xmivaz/ <) 3 -^mmgkommic io 
[0019] C F-^-r-5fi*r*a* 1X10 

"i/cm 3 «Ti-rSC<t*J»*l,«,» (i»*3B7) . 
C©<fc5fcg3RiSK«Brtt t OSF^4«Citt 
ft < . 'ffiR^ttXCc' F-mcitS 6 6C C O P^fig 

[ o o 2 o ] ut, xmiK. jrnw. . MiasBa^K: 20 
<t 9 s nfc c o p *$<DX<m®m. t v -i x©— B©<g 

fcmria~> y =1 > 3M£H#> 6 x •=> -f * o r itsss© ~> 3 

[0 02 1 ] «T. *«WK:o*SMfflK:Biwr**«. * 

iftot < SCOPIf-l'XteO . 1 2 /LimfiaJiLLi^ 

9 ct&mmx&z. fc-cv- y 30 

<t ft £ a * ©HJt^frT-^Rjfi b ttm&ikip h 
z.vJz.Lxntci'V nv^x-^Koor. sc lgfe 

ilf^'-f •<?M l ?>f-SPlKt0. lOwmJW 
±Ry'0. 1 2 MmW±©1^^X©^--^-< ^HI?&£ 

ft. -y-fX^O. 1 0 tfitU:©A > -7-^ t>)V&ifi\ M 
/cm 1 yCY-C$>titiL. 0. 1 2 n ml^h©^--^ * 

[002 2] CCtSCl«, H, O-H, O, -NH 
, OH (5 : 1 : 1 ) ^©T;U* 'Jfi^iJfc^iRr**) . 40 
WtS^fJ-t^JS^fJl^Sfpffl^^. SP1B. K 
LA -T e n c o r tt$S©-'">'— •< ^-rt^ 1 ?:^ — "C, 
surfscan SPl©Cit^S„ 

[0 02 3] ftoT, V-V s»^««*s«»i«cS?|± 
-cMi L ftJSft** OlilL, SCI sfc#r-{±± 
tffcily'Ja^^i-^B, SPl^LS-6 03 0 

( a sm^x > s?i r y > ^as^ D D o£ )^-r^^ 
*}^>n-'ci3^> v L/tti^c -y--fx#o. lOw 
mHi©*^> htStAi 1 M/c m' «T©s«t>r{9W>-y- 
-CXT-<SSggE©'>y3>^i-^-Cai?n«. *f>^4 50 
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£ ft £ C S„ 

[0024] S6tc, ^f&J:^— gT^VXWQfcllMb!)* 
ittyci^^x.^to-ttnts:. 0. 10i/mai©*^> 

hSSt^O. ll/cm' yjti&4->'J3>^i-AS 
f>'-e-©*SB^* 5 cfc , 3»*L'C^©<!:ft.5„ C©&©&:*#i 
W<DV- 'J » ^tS^g^4ft^?l±^fr-CWfiX0/c 

y n^x-^JiicttCOPOffeK:^-?--^./ 
ffi-T.SfcS>-C&So -5-©<l^E«ffi^.^«:fefi!c#T^^ 
8-f>?-^x-^ (li:-3 14cm ! ) ±.K.WM~~ 
Wl+m-C3b2>. Ctl6©^--f ^MCOPi^ 
g|T-S©«— «WCCtt*iA>. Sot, 5l^--7-^f;u 
<I$C&#fifc:A*x-C0. If/cm' OTt-TtiK. SI 

[0025] ±ta©<fc mmani'V ^>mm^^ 

?afi©B8»-c*Disa«cftsai'^F«jss«ig^„ 
sfcRfcc . i^s©fia«at^*> h mxxBMtcmt-t *> . 

C ©BR. t"^CC*^Fi©^ig?5a^TA5o r L $ 5 fc 

rcopiuri^stxs^K^fiS-r^ciccfts. 
[002 6]fc-C, ^^•y-'fxwcop^RS^^ 
5ti:^fcto(C«. ©COP^RS©7utft-S3@PJft^?LM 
^m&S&WP S-liSCi. ©jfifijifto fc^?LM.#. 

xps^ 2 ac^t?* sco p^n^g-r s/cto©B#ra 

[0 02 7 ] CD©ja«lft^?LM*^PS*?«ii>2#S/tJf> 

(C#l>. iS»ft*^fiS*i|6^-rSo C©jl«ft*XR§© 
iSft«¥flBijK<t»a!K:fifi{ctt*«<!r^:* < ftS„ -e 
ore ©js*Jft MtWB©«asi*i®»*i ft ria*lft 

c (DWmMttZ < ft 5. 0*> 0 *^RS^16?KffliJ^i!±* 

a<tt*i. ffitftiC$WSB#ra5*^<ftSo ItoTi 
B B a fiSSiIg©li5a{b«.'S^RS©M i *»?:^< -TSo «± 

©<t -5 ftMs*> e. . mmtj:^xme^Litmmm&<Di§-A 

f#©iaa^iaG i #> 6 . f /g {acctbpflf s <* -5 ftff$-c 
«$tiSc -eor. v-<) y?mm*. osf©^-t 

[002 8] -^©©aXO jAS*xfc^?LM.^R5^# 



# 
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< j3JS3#ftt^«)iC«. ftm¥ 1 1 - 1 1 639 1# 

^fi-r*isti4 1 150-108 o # coiaa[««<D 

fi£L£> «E«^FrtloteiiilieiBL/F*«B'r 

[0 02 9] il^CDHZ (Hot Zone: £*F*3tgi£ 
£fcl>9> *fflO-CF/G*J:OPL/F**4t3*rlS 

£0C. 0. lMm1f-fXH±©/;»»h«*JlI/cm 

1 4 0 0 o C£T*<DSJK£JieG (K/mm) % 115 
0°C#>6 1 0 8 0'C©iaa:ffl«<DSSL (mm) . 
EfcBiSttF (mm/min) <hL/c£*Ct, «tl^6 
if* 3 ft SI 150t^6108 p *C<DM&ffl£<OMM 
m&L/FifiO. 28/(F/G-0. 2 2 5 ) 2 feJT 

[0 0 3 0 ] fc/cU, F/Gffi^0. 2 2mm 2 /K • 20 
m i naT©«6tt 4 OS F©a^^?LS2^ffi^« 

SfoTL/F^O. 28/(F/G-0. 2 2 
5) 2 «TWOF/G^0. 2 2JK±-C*4*SftW« 

«WB- 2 0m m^^*^B<D W^1E1R««<S: tt 0 , 

2*^aB©«gfe3^«tt»fc«>, coHO-ctta^. 

B B B ^6aa2 0mm^V - ^Mii^^Cir 30 

[0 03 1 ] ^6iCCOP^fig1f^X^/h5<S« : ^ D a a 
W*?S£/ctf>CCW:. 115 0 °C#»6 1 0 8 0 e C<DU&m 
^ii«B$raL/F^4 0^«Tr, g/cF/G#0. 
2 2 mm 2 /K-mi nfcLbO . 2 7 mm 2 /K-mi 

[0032] $tffiif--rx*/h3 < -rsfc«>ec« 1 1 5 o 
-i 0 8 ov<DU&mm<DMMmmL/F*m<-rz>c 

<b«9, 1MX#0. 1 2 //m«±cD^-^^ ^'UfiftK: 40 

[0033] ffim<Dmmt<m&**M2£^2i,>xm 

Ci^Ul^o B3^6L/F^4 0»aTr, <@ 
mtffi&mtctt <ftoWici^b*s. fit o r % 
^XRSlt ^ X<D»/JmE>/c«>K: L / F & 4 0 »HTt?* 5 

[0 03 4] C©L/F^4 0»«T©^«=«:SI/crW 
fiSE*mcoc*r, fllttCCF/G, IBIttWlO. lOamJy 50 
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to i4<j:t)F/G^0. 2 7 <fc9/J»3l>B$ v 0. 10 

wma±(?)cop^^^^ic^<^:^^ 0 ^ 
r, l/fah 05>Jsrrc\ ^of/g*<o. 22mm 

2 /K • m i nfeUiO. 2 7 mm 2 /K«mi n«K 
ftSWJSS^frttt, 0. 1 0 MmlMXy±CD*7^> h 
1 fS/cm 2 «Til^»CCfi»ttS.H3W»6 

fts„ 

[0 03 5 ] tj:isCCVm(i>tcG*L<Dmi*m&1ztem 
SfV7 hFEMAG (F. Dupret, P. Nico 
deme, Y. Ryckmans, P. Wouter 
s , and M. J . Crochet, Int. J . H 
eat Mass Transfer, 33, 1849 
(1990) )<Dquas i-stead y*- K£ffl 

ffirt*f#6ft5C±fc#*fcftStf. *#HB<D£gttL/ 
F%T*S/cW/hS< U F/G»V-'J^gi^I 

[0 03 6] 5 6CC±iBLfcW/£^fTF-C^ a >iJM£ 

(WJCCttlS«ctJ©fflR«tt3W 1 x l 0 15 I/cm 3 « 
T\ AS^tt^'J^^i-^* 1 1 5 0'Cx 1 0 0# 

« (7 1 : 1 5 : 3 : 5) t8 
MmIKx^>^Ui *©**ffitCOSF#Kgl3 

[0037] ^> y 3>*eart«c 1 x 1 

0 1 0 ffl/ c m 3 0 fc»^T? 

fe, *»0UttC»«^CcJ:I^OrCOP^-fX*J/hS<a: 

ii^))D«iOSF^4Ll^ 0 *SAOWtic 
^fefl=fc:fc;£;&3ft**s, BS«ff^>16ppma-J 
E I DASariiSSiSSttl x 1 0 13 <I/cm 3 HJK 

0 . BBR«a#> lOppma-JEIDA (B* 

»5xi 0 13 fi/cm 3 iKr, Biifig^Sppma 

- j e i d A&T<Dmimm^'ci>mmigm.&3 x 1 

0 14 fB/cm 3 ggTOSF^lfc. Sot, OS 
F***^Lttl»fflK©«tt«HTffiR*»SCC K-^-T 

ij a omifeikft h rm $ n tc y x - ^ k 




(6) 

9 

[0 0 3 8 ] 

xmrn-r z c z mc £ zm&^ i±tf mm^msom^ 

^ >f + 1 <D^#SP^6«±^f*?>'^>^l±Cf ^ + 

t:f£«gti (HS«*r) &mi?>tix^z> 0 

B!k% 4 * JR#r Jl/ ? sK 5 & ^ # 5 *JR 

^ * > 1 jcb:sim #* $ ft s £ wit? z mmt stum 

«kb-^7(OjaH*K0H«fJ:9R:i9:W6*i-C^*. ^ 
> * > 1 ftgjUU*, 5 LBf ? * >'< 2 ©igPfcR 

*#3IAS*i. Slitf^OWSft 3 ttfxmWLffil It 

[0 04 1] *«BH<D«tt»*WSSr*fc»K:tt % JbE 30 
/I^<1*M*^^o j£^ftFttL/F<D#e<tF 

^Cfi5 &C7nT<£ 5 CCWJSttAfrftaH^I-r S C <!: ** 
r#4»*PIKl 3*-* -f 1 F^tffiBU -e<D 

to>£ 0 40 

[0 042] CCD?££pgf 1 3 tC«?&a«H*29AP 1 4 

MtoStifcm*ft&mwmt 1 14ST}$SJ 

5 IcLX^&o 3e>{c«**p|gf 1 3©*HM*cfcJ:# 

»r*»*^an»i 3cc«#-r4©*i»±L, t-* 50 
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[0 04 3] 

mnm &lt. ^mommmtttmm^m^x^ 

1 ) mi IBS 5 icm Ufc#IS»? I±tf 20^: 

**8iUfcHZttt, G=3. 6 6K/mm, L=2 
5. 2 1 mm<!:ii*3ftfc. CCDfrytflC 1 5 0 k g<D 
^ttS>^;n>*Atl«ll[Lfco C©^St^'Jn>^6 
fijP^CD^i^J&SilSF * 1 . 1 Omm/m i n rfiJP 

g£#jl 2 0 cm<£>fiM8 >^psa#jea*w^EL/ 

/c, fcTL/F = 2 2. 92min, F/G=0. 3 

0 0 mm* /K-mi ntAWS^f^ft^i/c 

[0 044] c cr»6nfcwsa©»ta*t*« 1 0 Q 

cm, K*?SS^1 5ppma-JEI DAr^>o 

-SPltCTO. 1 0 am^^XJy_hCD^--^^ ^;u£fc 

LX, t-fX- ^Si^cc^r/h^c^W^^x-^ 
^f#e>n/c 0 CCD^7X-^O0. \0 um-yjXVAALCD 
^f^^«J8-f>^lt2 3 8I t 
«0 • 7 6 /cm 2 T'&9, a»^D c ?IM(D^x-/^r^ 

[0045] (mmm) mmmixm^tcg&tmc 

HZWt, 1 50kR(D»l8lt/y3>^6iS«fiS 
2 0 cm©ieS8>r>^PS!*ea*WfiJEUft: 0 C 

cdb#, a«»©^jafi»«F ^t^ct i <t *) j p*>m< 

0. 9 1mm/minil/c B fctL/F = 27. 7 
Omin, F/G= 0. 2 4 9mm 2 /K -mi nilt 

s§n/c 0 c(dSb b h ^iim^ i mmtctmmm 1 o q c 

m, 5ppma-JE I DAt^o/c, 

0tc o 

[oo4 6] c<D&&frbWK>mbxrmLtdgtm^v 

tf^Zy^-SP 1 icr 0. 1 0 Mmlt^XWiCD^-^ 

v-ixtmx&t). mmm\<DV4Zft^fcftMLi,x, 
V4x-mm.±bwfcmfttev^~^m§htitc 9 o. 

1 0 Mmlf -TXjy±©^<-^-f ^;l/«8-Y>^ffi-C6 
<i. ^«ffitt0. 02/cm J r-^>0, *»Kfl»6: 

[0 04 7] (*J6W3) «fc«irrat>fc*fl=4Ht; 

HZ^C^, 1 5 0 kgOgiy'J n>^6ilPSI5cD 
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¥*3f£SiIffiF#l . l Omm/m i ni^Wl ilej 
D2Krit«iifi3fol 2 0 cm08^>fPl|ifiS4 
Wf£l//c 0 /c/cU CCDB$>";rJ>^x-^^0ttJU 
fc(afir©S3R«S^3x 1 0 12 fI/cm J ttt5<t^ 

I^JlOQcm, SStiSSSKjl 5ppma-JEI DAT 
£>o/c 0 a*$C<D^«>4J^]Kfll^4 0 0 0^->X(DiS 

[0 04 8 ] C<D&&frZWK>aL,xm&L>tcmmiyV 
3>«^x-A(ci 1 5 0U lOOO^^i-yFO, 

Sm : *= 1 : 1 5 : 3 : 5) "C8 umCDil^x 
^>y£GT4> v *<D«fflCCOSF^tHSS*i«:^o 
/c 0 £/c v ^f^;^')>^-SPHctO. 10 

IS*, 0. 1 0 /zmJWiOD^-T^ *;HS8 -O^ffi 
T192E ^i^S^O. 6 1/cm J £> 0 , HSfeft 

[0 04 9] (HJfi«4) H*S«irfflC^*fr<traD 

HZ%fflc^r, K»%Enfti'i*TK:. i50kgoiSiB[^ 

Un>^6iffllHS3jKil 2 0 c m<DifiS8 ^ PM# 
«ii**FttLfc. C©B$, BJH8BC[>¥^fiRdKfltKF* 
1. 02mm/mi niU 0 ffiotL/F = 2 4. 7 
2m i n, F/G = 0. 2 7 9 mm 2 /K -mi n<tir 

s?Mo c©<sa«. M$^ioQcm, nasas 

«#*Jl 6ppma-JEI DAt^o/c, 

[0050] ccD«a^6«joaiL/rfa5fo/c«H^'; 

^>^-SPl CCT 0. 1 0 MmlMXfcUi©^-^ 
* L/c. *©IS** 0. 

XHlo^-f^ *jU«8 J^*±mX2 2 81, 
^g«0. 7 3 /cm 2 ^ttfiltO^x--^ 

[oo5i] (jtiswi ) H6cc^ufc<fc5«c»ans* 

7«K*tM0fcHZr»G=3. 0 4K/mm, L=4 
1. 0 9mmiltS?n/c 0 CO;l/7>^C 1 5 0 kg© 

>*>£fiJW^©¥^/&gitgF 0 . 9 8 mm/m i n "C 

mm&zmi 2 0 cmcos -y>^p^#$s h ^^w^u 

/c B 93min v F/G=0. 3 

2 3mm 2 /K-mintftO, *«W©I5H^"C* 

C©<Sa©fflcBi*t*ft 1 OQcm, BSftftSttft 1 
5ppma-JEI DAt^^fCo t£teC <D\£fi>tb$$<D 

tcti> % tp<b&m4 o o otfvxowmmzwmLtc. 
[0052] cote&&t>mmLxftm:Ltcmm^v 

#^>£-SP 1CCT0. 10 nm1?'tXa t ±<DJ*-r 
4 >hLtCo ^©*£*. 07{cSt<t^6 
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0. 1 0 ym1f^Xy±(0^'-r^ ^;H;*8 J>?±m 
rilSlft 3, 7 6/cm 2 "CftO. * 

[0053] atmm2) ms&mixm^tcgktttmc 

HZ^t, 1 5 0 kgomkis') 3>^6iftPS3 
#U 2 0 cm<D8-O^PM*jBS^Wfi£0/c a C<D 
B*. BJHWOTi^fiattF*||«Wl<fc0^tt0»< 

1. 7 5 mm/m i n <t l//c e SotL/F =14. 1 
10 4m i ru F/G=0. 4 7 8mm 2 /K • m i n"C^D 

fn^ft 1 0 Q c m> W3®&&$) 14ppma-JEID 
Ar*ofc. &*5C©l^fccti^88»3&i4 0 0 OiJ^XCO 

[0 05 4] C©ttS3&>6«)0tHLrfajL/caM^»; 

^*)>^-sp i ccr o. i o Mm*-rxji(±cD^^^ 
f-fx»frfto. ttKWi <btb-<^icop^-rx« 

20 /h3<ttoT(r>£#, HfiSffl 1 cctt^«s^# < «C o 
/Co 0. 1 0Mmt^X«±<D^f ^;l/«8>f>^ 
^Bri 0 3 9<i, ¥*^gg«3. 3 1/cm 2 r& 
0. **W(CJt^RSC[)^C^x-^-c*o/Co 
[005 5] Scfc, ±iSQfc»»«:|H3£S n 

[005 6] Wit«, 2fa98©jOBBJBrtt, iS&2 0 
30 0mm <8-f>*) ©2^U 3>«ttft»*JS«S-eTCi 
fi*£©2 50mm 40 0 mm 

(l 6>f>^) *4i^«*ti«±©^citS^x-^«:fe 
JUSTS C 

[005 7] S/c. 3«C-> y 3 > 

«BacD5l±lf^CC»»&EnJ!lp-r-5MCZffi (Magn 
etic field applied Czochr 
alski crystal growth meth 
od) (coc^HWlfc*, *«W«cn«:5JIB^3ti 

40 *rfett< , *?S*fflS*-c«fflL/c^3^^iU 

X*-ffiil^ffliSCC« v fflS©* 3*^1/* 
[0058] 

[*«©»*] «±»«Cctt9iUfeJ:9«:, 49HH<Z>*S 

n/Sfi^ttcc ctti«, ^> y ^ >fes*©c o ph©^R5 
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[HI] 0. 1 0Mm1f>fXai^-f^ ^;U^CC*t 
[02] *I*<D3l±tf^<DF/GCt#LT 1 1 50- 

i o 8o*coiaa««*a«*r5«FraL/F*^D^ h 

U 0. 1 0 Mmlf ^XtLhCD^-rw ^^ttft^ 1 (1 
/cm 2 «Tr***ft=*BW!ll/fcH»H"C**. io 
[03] 1 1 5 0-1 0 8 0 # Caiftl©HL/FCC*|"r-5 
0. 1 0 umt^XfeLhiO. 1 2 m mU" 4 Z&L±.t<D 

[04] 1 1 5 0- 1 0 8 0*C»«l$raL/F#4 0m 
i nWFVgtttlcm^X. F/GCC>Pf-r^0. 10 Mm 
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[06] a«©CZtt*ISft5l±tf*B**L*:tt?BH 
[07] SUSfetfH 1 . 2 RcrttlSW 1 . 2 rf#6tX/c*S B B B 

[flhSKDiBW] 

1 •■•>.^>?t>/< 1 2-3l±lf3 u + >>'-»\ 3-m 
*&H«. 5 •••£X*7iK. 6 -HIS 

tan. io-*^iAn. i i •• ttiummmt 
sssiis) . i2 ~&mmt> is-^&ts. i4~ 
^ipjeg^AP. i 2 0 



[si ] 



[02] 



S 1.4 
f 1.2 

G §0.8 

1 0.4 

2 0.2 



1 . 2 
0.10/1 mELt<©/<- 



3 

r-<^)U/cm2) 



300 
c 250 

J 200 

TOO 



1 60 

^ 0 











\ m 


■ 1fl/cm2J2U: 
• 1fi/cm2lUT 






•V 








V" 8 










■ a 0 



0.2 0.25 0.3 0.35 0.4 0.45 
(F/C0 (mm2-mirr-1-K-1> 



0.5 



[03] [04] 





7P> h^-zS<DWt$ 
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